A mong the experimenters who have made the reflexion of polarized light the object of their researches, there is no one to whom science is more indebted than to M. Jam in, whose accurate observations are a model for subsequent observers. His first paper on this subject was published (1847) in the 19th volume of the ' Annales de Chimie et de Physique,' 3rd series, p. 296, on Metallic Reflexion.
M J AMIN'S next paper on Metallic Reflexion appeared in 1848, in the Annales de Chim et de Phys. 3rd series, vol. xxu. p. 311. In this paper he makes use of the second method of observation, by multiple reflexion, and gives valuable tables of the results of his experiments with the various colours of the spectrum on the seven following metallic substances:-1. Steel.
Speculum, metal.
3. Silver. 4. Zinc. • 5. Copper. 6. Brass. 7. Bell metal.
From these Tables the constants it and A may be inferred. In 1850 M. Jamin published his well known paper " On the Reflexion of Light at the Surface of Transparent Bodies," in the Ann. de Chim. et de Phys. 3rd series, vol. xxix. p. 263. In this series of experiments he used a new method of observation, founded on the Quartz Compensator of B abinet. In this elaborate and important paper he publishes the details of his experiments on the following substances:-1. Fire Opal, 2. Hyalite, 3. Realgar, 4. Blende, . 5. Diamond, 7, 8 . Two kinds of glass, and, in addition, gives in a Table at the end of the paper the constants of many other transparent bodies. M. Jamin has also published, in 1851, in the Ann. de Chim. et de Phys. vol. xxxi. p. 165, a memoir " On the Reflexion of Light at the Surface of Liquids," in which he determines the optical constants of many liquids.
It occurred to me that the method of observation employed by Jamin for transparent bodies might be advantageously used in the case of metals; and I was thus led to commence the series of experiments the results of which are recorded in the following pages.
In these experiments I have added many metallic substances to Jamin's list, and have re-examined the metals observed by him by a different method.
In transparent bodies I have examined a few not experimented on by Jamin, and investigated in detail the form of the reflected ellipse, under varying conditions of incidence and azimuth.
In the course of my paper I have employed for the second optical constant one .more
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83 readily determined than those usually employed, but which is readily deduced from the. constants A and Tc of Jamin.
At the close of the paper I shall give a Table containing a comparison of the constants found by J am in and myself for all the bodies which we have both examined.
Some years ago, in making observations on polarized light, I found that by adjust ing properly the azimuth of the incident polarized beam, and allowing it to fall at the angle of principal incidence, I could obtain a reflected beam of circularly polarized light.
On repeating the experiment with different polished surfaces, I found that the coeffi cient o f r e f l e x i o n , or whatever property it is that gives a surface a metallic reflexion, might be conveniently expressed by the cotangent of the azimuth at which an incident beam of plane-polarized light should be placed so as to give, on reflexion at the prin cipal incidence, a reflected beam of circularly polarized light.
The following paper contains an account of my experiments on many substances, and a Table of their Coefficients of Reflexion and Refraction, determined with as much accuracy as I was able to attain with the instruments at my disposal.
The apparatus used by me consisted of a large graduated circle (horizontal), provided with two moveable arms, each furnished with graduated circles (vertical) ; and the large horizontal circle was capable of being hung vertically, so as to allow of experiments being made on liquids as well as solids. The substance to be examined was placed on a stage provided with adjusting screws, so as to bring the surface exactly into the centre, or intersection of the axes of the polarizing and analysing arms. These arms were mounted with Nicol prisms, made for me by D uboscq of Paris, and without sensible deviation. The light employed was generally sunlight, but I sometimes used a mode rator lamp with colza oil.
I employed the quartz compensator described by M. Jamin* for the purpose of con verting the elliptically polarized reflected light into plane-polarized light, before allow ing it to pass through the analyser.
The instrument used by me in making my observations on the reflexion of polarized light, was made by Mr. Geubb of Dublin for the late Professor McCullaoh, and was presented to me, shortly after McCullagh's death, by his brother. It is substantially the same as that described by M. Jamin in vol. xxix. Ann. de Ghim. et de Phys. ser. 3. I procured from M. Duboscq Soleil, of Paris, a compensator of Jamin's pattern, and had it adapted to my own apparatus.
In making my observations I used the following precautions:-1. The zero of both polarizer and analyser was determined by direct observation with red sunlight, reflected at the angle of polarization of several glasses found to give* a reflected beam capable of being completely cut off by the Nicol prism.
2. The Nicol prisms themselves were carefully tested and found to have no deviation. 8. Each of my recorded observations is the mean of four or five; and when these differed from each other by more than 20', I took the precaution of repeating them Eliminating t, we find 
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In this ellipse, the angle < p made by the axis with the plane of incidence is found from the well-known expression o 2E tan 2(p = j)_ belonging to the ellipse D#2+2E#y-f-Fy2= const. Substituting for D, E, F their values from (1.), we find tan 2<p=tan 2«'cos(Ve ) ; ......... (2.) < p denoting the angle yOI, and a! the angle O I. But if a and b denote the axes of the ellipse, it can be proved that
or substituting from (1.) and (2.),
From equations (2.) and (3.), I calculate the position of the elliptic axes and their ratio.
The angle a! is obtained by direct measurement with the analysing prism; and e'-e may be found, as follows, from the compensator.
In the compensator made for me by M. Duboscq, I find that 39*43 represents the zero, i. e. the position in which the compensator affects equally the light in and perpendicular to the plane of incidence; the number of graduations corresponding to a difference of half a wave (180°) I found to be If, therefore, C denote the reading of the compensator in any experiment, the difference of phase of the two principal beams will be expressed for red sunlight, in degrees, by the expression
O A O
( C -3 9 -4 3 ) X y^, and by a corresponding formula for the other kinds of light.
The angle thus measured by the compensator is not the difference of phase between the principal components of the reflected light until it is increased by 180°, because experiment shows that in the act of reflexion there is this constant difference between (3.) where i denotes the interval corresponding to 180° for the light used. In tabulating my experiments, I give the original measurements of the analyser and compensator, and use the equations (2.), (3.), and (4.) to calculate the other columns.
I . M unich G lass (a ).
The first experiments I shall record were made with glass procured from Munich by the late Professor M cC ullagh. I have four rhombs made of it, whose index of refrac tion I determined by the following experiments:-
Rhomb.
Angle The following Tables contain my observations on this glass:-* In all my experiments the red light used was passed through the same piece of red glass, which was very homogeneous. The principal incidence is therefore 54° 57'. The last column of this Table is thus found:-Let the principal components of the incident polarized beam, in and perpendicular to the plane of incidence, be cos a and sin a (unity denoting the incident beam); and let I and J denote what a unit of light becomes after reflexion, in and perpendicular to the plane of incidence respectively; then the principal components of the reflected beam are I cos « and J sin a, and therefore an expression which vanishes at the polarizing angle («*90°), and therefore tan-1^^ ought at this angle of incidence to vanish also; but we find, not only in this experiment, but in those which follow, that it does not vanish, but only reaches a mini mum, the tangent of which is sensibly equal to what I have called the Coefficient of Reflexion*.
In fact, let A denote the angle whose cotangent is this coefficient. Then I cos A, J sin A are the principal components of the reflected light, which by definition is circularly polarized, and therefore I cos A =J sin A, and The principal incidence is therefore 55° 8', and the minimum value of tan-1/ 5° V,or Circular lim it=84° 59'. Therefore the Coefficient of Refraction=1*4352. Coefficient of Reflexion =0*0877. Principal Incidence =54° 27'.
Coeff of Refraction =1*3993.
Tan-1 ^j^= 4° 57', or Circular limit =85° 3'.
Coeff. of Reflexion =0*0866. Principal Incidence =55° 6'.
CoefF. of Refraction =1*4334.
Tan-1^^ =3° 59', or Circular limit =86° 1'.
CoefF. of Reflexion =0*0696. Principal Incidence =55° 8'.
Coeff. of Refraction =1*4352.
Tan-1 =4° 6', or Circular limit =85° 54'.
Coeff. of Reflexion =0*0717. Principal Incidence =55° 13'. Tan-1^^ =4° 4', or Circular limit =85° 56'.
Coeff. of Refraction =1*4397. Coeff. of Reflexion =0*0711. Collecting together the preceding results, and denoting by A the azimuth of the plane of polarization of the incident light, which on reflexion at the principal incidence will produce, on reflexion, circularly polarized light, and calling it the Circular Limit, we obtain The movement of the axis of the reflected ellipse differs according as the azimuth of the incident light is less or greater than the circular limit.
• This is shown in Plate VIII. fig. A , on which the values of < p are laid down for different angles of incidence in the two cases in which the azimuth of the incident light is 80° and 87°.
When the azimuth of the incident light is less than A, the circular limit, the axis of the ellipse moves as in the annexed figure. Let P O A be the azimuth of the incident light, and Q O A equal to P O A; P O is the position of the axis major corresponding to 0° incidence; O A is the position of the axis major in the plane of incidence, corre sponding to the principal incidence; and O Q is the position of the axis corresponding to 90° incidence.
When, however, the azimuth of the incident light is greater than the circular limit, the axis major moves from P to as in the annexed figure, then back from x to B at the principal incidence, and finally from y to Q. Let P O A be the azimuth of the incident light, and Q O B equal to P O B. At the incidence 0°, O P is the position of the axis major; as the incidence increases from 0° to the principal incidence, the axis major moves from O P to and turns back, attaining the position O B at the principal incidence; and as the incident angle increases from the principal incidence to 90°, the axis major moves from O B to O y, and back again to O Q.
Having ascertained the truth of the preceding laws of the movement of the axis major of the elliptically polarized light, I made the following experiments. Having removed o 2 9 2
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the compensator, I set the polarizer at 88° and 89°, and found that the analyser gave a minimum of light at 90°, showing that the axis major of the ellipse was perpendicular to the plane of incidence.
All the experiments already given were made with the Munich glass (a) No. 1. I made the following experiment with (a) No. 2, in order to establish fully the identity of the pieces of glass with regard to reflexion, as they are certainly identical in their refractive indices.
T able X I. Principal Incidence = 5 5°C ircular Lim it = 8 9° 50'.
Coeff. of Refraction =1*4290. Coeff. of Reflexion =0*0029. The compensator was then set at 47 T2, which corresponds with a difference of phase of 90°, between the principal components of the reflected light; and the compensator being thus set, the angle of incidence was determined by trial, for which the dark band was centrally placed. The incidence so found is the principal incidence. Haying thus found the principal incidence, I changed the azimuth of the polarizer, and read the analyser, obtaining the following results. Principal Incidence = 5 6° 7'. Circular Limit = 8 9° 24'.
Coeff. of Refraction =1*4891. Coeff. of Reflexion =0*0104.
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The last column of this Table shows that the value of ( j j increases slightly as the azimuth of the polarizer diminishes.
Combining the preceding results, we find The specimen of fluor-spar on which I made my experiments was transparent and blue. The following are the results I obtained. From the preceding results combined, we obtain the following constants of fluor-spar. XXI. It is to be remarked, that in Table XXV ., in which the azimuth of the polarizer is greater than the circular limit, the movement of the axis of the ellipse follows the same law as that of the Munich glass already described. Tables, the optical Coeff. of Refraction =1*5204. Coeff. of Reflexion =0*0200.
From the foregoing
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Hence we obtain XXXI. The following experiments were made on the metallic bodies.
Y I I I . Speculum M etal. 4 2 -1 0 3 9 2 0 31 14 + 3 8 2 4 3-6 5 3 9 2 0 5 9 7 4 2 -6 3 3 9 6 3 7 2 6 + 3 7 38 3-0 3 3 9 6 61 7 4 3 -0 6 3 9 2 0 4 2 2 8 + 3 7 2 4 2 -6 4 39 2 0 6 4 7 4 3 -68 38 5 0 4 9 4 2 + 35 40 2-2 4 38 50 6 9 7 44*96 37 4 5 6 4 4 2 + 2 9 2 5 1-69 3 7 45 7 4 7 4 6 -90 3 7 45 87 2 4 + 4 5 8 1-29 3 7 45
Principal Incidence =75° 27'(1). Circular Limit =52° 15? ('?). In this experiment the angle of incidence was not made at any time equal to the principal incidence. In this Table, the polarizer having been set at an angle exceeding the circular limit, the axis major of the ellipse passes through 90° at the principal incidence, and behaves exactly as in the transparent bodies. 
Incidence.
Compensator. Analyser. | e'-e-180°. This experiment shows that the fresh polishing of the surface affected the coefficient of refraction more than the coefficient of reflexion, on which the elliptic polarization altogether depends.
< ? • a
The angle tan-1^) is not constant, but attains a minimum at the circular limit.
Additional direct experiments with speculum metal, such as setting the compensator at 90°, making the incidence 76°, setting the analyser at 45°, and then determining the azimuth of the polarizer, gave for the circular limit 54° 45'.
Combining all together, we find f M e a n = 4 3° 28' 20"
Principal Incidence = 71° 37/. CoefF. of Refraction =3*0090. Circular Limit = 48° 13'. Coeff. of Reflexion = 0 8936.
Having set the angle of incidence at 72° 37', the compensator at 47*12 = 90°, and the analyser at 45°, I found, by trial, the polarizer or circular limit to be 48° O'. By direct experiment, as before described, I found the circular limit to be 46° 45'. On the day preceding that on which the experiments were made on /Silver (c), I examined it before polishing, when evidently tarnished with sulphuret, and found Principal Incidence =67° 37'. Coeff. of Refraction =2*4282. Circular Limit =52° 30'. Coeff. of Reflexion =0*7673.
Combining the preceding results into one Note.-In all the experiments on silver, the minimum value of tan-1 corresponding to the circular limit, is apparent, although, if the surface were mathematically smooth, it ought to be constant, being a function of the incidence only.
X. Gold (Standard).
T able XLV.-(September 20, 1855.) Compensator =47*12 = 90°. Red Sunlight. The minimum value of tan-1 is here also evident.
X I. M ercury (Distilled). Polarizer. Analyser. Polarizer. Analyser.
a T T a n -i
o 8 0 7°6 6 4 -0 1 1 3 5 1 6 7 0 6 2 4 2 1 -9 3 7 3 5 11 6 0 51 3 5 1 -2 6 0 3 6 3 5 0 41 0 1 -1 5 0 3 6 6 4 0 3 2 2 1 -5 9 8 3 6 4 3 3 0 2 3 2 5 2 -3 0 9 3 6 5 3 2 0 1 4 4 9 3 -7 8 0 3 6 1 1 0 7 1 9 7*788 3 6 4
a V
T a n -i 0 . 
0*5347.
Principal Incidence = 7 7° 7'. Circular Lim it = 6 3° 13'.
Coeff. of Refraction =4*3721. Coeff. of Reflexion =0*5048. ............................. The brilliancy of a metallic surface depends on the coefficient of refraction, and there is, doubtless, some sensible quality, not yet clearly defined, which corresponds to the coefficient of reflexion, which indicates the power of the surface to form elliptically polarized light from incident plane-polarized light. This quality might be provisionally named lustre.
Swedish Iron [cut perpendicular to the grain).
It is very remarkable that gold, silver, and copper, which from time immemorial have pleased the eye of man, and been used as coins, should head the list of bodies possessing a high coefficient of reflexion. Mercury, which has so brilliant a surface, and therefore heads the list in Table IfXXXII ., occupies a comparatively low place in Table LXXXIII ., probably owing to its being a liquid, and its surface, therefore, in a less favourable condition than that of a solid for imparting elliptic polarization to an incident beam.
M. J amin has examined optically several of the substances mentioned in the preceding s 2 124
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Tables-the metallic bodies by the methods of equal intensities and multiple reflexions, and the transparent bodies by the method employed in this paper, and originally used by him. I have deduced from his original observations, the optical constants of the substances common to him and myself, and have recorded them for the purpose of comparison, in the two following Tables, L X X X IV . and LXXXV. Tables in this page, I find at 75° incidence, 1=0*946, and J = 0-566, from which it follows that t a n -1 ( j ) = 8 0° 54'.
(2) Ann. 
